been used to obtain the parameters of several harmonic models of the crystal dynamics. The temperature dependence exhibited by certain modes could be obtained with only small changes in the short-range force constants. On the basis of these models, the one-phonon thermal diffuse X-ray scattering intensity has been calculated throughout several Brillouin Zones.
In Strontium Titanate, there are anomalously tem-[t, 5, 01, [5, t, el, [+, +, t ] and [t, t, $1 whose polariperature dependent modes both at the zone centre zation vectors were compatible with the crystal orienand at the zone boundary. The former is responsible tation. The results are shown in figure 1. for [4] .
In this paper we report further measurements of many more of the frequencies of the normal modes ;
WAVE VECTOR [UNITS T ]
model calculations have been carried out which we hope will lead to a fuller understanding of the lattice dynamics of this substance.
The experiments were carried out using triple-axis Careful measurements were also made of the dispersion curves in the neighbourhood of the two anomalously temperature dependent modes. The results [5] indicate that, but for the A, mode discussed below, the dispersion surface is fairly isotropic about the zone-centre and R-point.
The figure 2 , that the entire branch decreased in frequency with decreasing temperature and, moreover, showed little dispersion. These measurements show similar behaviour to that of the A , mode in the isomorphous material KMnF, [6] where its condensation at 91.5 OK precipitates a structural phase transition. The simplest model for the inter-ion interactions is the Rigid Ion Model [7] . This model, allowing for no polarization of the ions, could be made to give only a poor representation of the data, with short-range forces restricted to neighbouring ions. The model which gave the best results was the Rigid Shell Model [8] with six parameters describing the shortrange interactions of Strontium-Oxygen, TitaniumOxygen, and Oxygen-Oxygen, six describing the ionic polarizabilities and two for ionic charges. The same approximations as used in the Alkali Halide models of Woods et al. [8] were made, in effect restricting all short-range forces to act through the shells.
The fitting to the experimentally determined frequencies was carried out using a non-linear least squares analysis. The fitted dispersion curves are shown in figure 1 and the parameters of this model, at 900K and 297OK, in table I. As can be seen, agreement between calculated and experimental frequencies is fairly good, even in the zone-boundary directions which were not involved in the fitting of this model. As was found in the previous models of SrTiO, [I 1, the Titanium-Oxygen short-range forces are seen to be much larger than the others considered. Small changes in the short-range force constants could account for the observed temperature dependence of the zone centre r,, (ferroelectric) and R-point r,, (antiferroelectric) modes. It proved impossible, however, to obtain the temperature dependence of r,, and M, (+, +,0) simultaneously.
As can be seen from table, the short range strontium polarizability is large and negative implying a positive shell charge for this ion. Similar behaviour was found in Rigid Shell Models of the Alkali Halides [9] . In an attempt to improve upon this feature of the models, the formalism was extended to allow for isotropic radial deformations of the shells -the Deformable Shell Model [lo] . However, for models involving no extra parameters, agreement with experiment was not improved and, while the parameters a and d could be made to assume physically reasonable values, the fit was relatively poor.
The one-phonon X-ray scattering cross-section has been calculated throughout several Brillouin Zones using the frequencies and eigenvectors calculated for the harmonic models described above. symmetry directions which, although less pronounced than those seen on X-ray photographs of BaTiO,, KNb03 and KTN, [ll] , [I21 are of interest insofar as they indicate that a simple harmonic model of the crystal dynamics may be of some use as a basis for theoretical explanation of this phenomenon. On the basis of the experimental observations and harmonic model caiculations reported here, it is intended to investigate the anharmonic properties of Strontium Titanate and it is hoped to obtain better quantitative agreement with experiment, e. g. for the temperature dependence of the mode frequencies, than has hitherto been possible [13] .
